In this paper the 'predictive first order hold' circuit is introduced and analyzed. The main advantage with this hold circuit is that it gives a continuous control signal. Conditions for causality and a pole placement procedure are presented. Formulaes for sampling a LQG-problem are given and are used to analyze an example where the predictive first order hold gives superior performance compared to the best zero order hold control law.
Introduction
Digital-to-analog conversion consists of transforming a sequence of digital information into an equivalent analog signal. The choice of hold circuit in computer controlled systems has been discussed in length and traditionally the zero order hold circuit (ZoH), giving a piecewise constant signal is chosen, see e.g. [2],[3], [4] . In this paper we will discuss the 'predictive first order hold circuit', (PFoH). This hold circuit is usually rejected being physically nonrealizable, see e.g. [2],[3] . This is true if the problem is to reconstruct a general time signal, but when the problem at hand is to perform D/A-conversion of a control signal satisfying a model like the total control system will be physically realizable whenever degR 2 degS + 1, and degR 2 degT + 1 (2) This trivial observation seems, surprisingly enough, to have been overlooked for a long time.
The main advantage with chosing the PFoH is the smooth control signal. Generally there will be a trade-off between how much roll-off the hold circuit is to introduce and how far in the future one must predict the input signal. This trade-off has to the author's knowledge not been analyzed yet. We will in this paper show by analysis and examples that the PFoH is superior to both ZoH and the traditional first order hold, FoH, if the smoothness of the control signal is important. This paper is available as an internal report [5] which includes more examples and details.
The Predictive First Order Hold Circuit
The difference between PFoH and the traditional FoH is that the derivative is approximated with a forward difference instead of a backward difference:
Note that (3) requires the knowledge of ~( k h + h ) a t time t = kh. This gives the new degree conditions (2) for causality.
In [l] and [5] it is shown how to obtain the formulaes for the sampled version of a system when U satisfies (3):
The following theorem for pole-placement design using PFoH is then obtained. The proof follows the standard proof for ZoH, see 1 1 1 and [5].
THEOREM 1-PFoH Pole-Zero Placement Design Assume that y(k) = V u ( k ) is the PFoH sampled version of the system. Then there exists a control law satisfying the casuality conditions (2) giving the closed loop system
where B; contain the zeros and A, the poles that are to be cancelled. Figure 1 shows the result of sampling and reconstructing sin(t) using ZoH, FoH and PFoH at different sampling rates. EXAMPLE 2-LQG, high frequency punishment of U This example will show that there are design problems where the best PFoH control law satisfying the more restrictive degree conditions (2) are better than the best ZoH control law satisfying the usual degree conditions, degR >_ degS and degR 2 degT
The problem we will analyze is an integrator with an initial value disturbance 
Conclusions
The predictive first order hold circuit has been introduced and investigated. The causality problem is taken care of by demanding at least one delay in the control law. This leads to some slight changes in the pole-placement procedure. The idea of using a hold-circuit giving a continuous control signal will often lead to better performance. This has been shown to be true in an example.
